Background: Fatigue may lead to several consequences and principally produces occupational physical trauma among the workforce. Objectives: This study was designed to explore the relationship between work-related physical trauma and fatigue in the copper extraction industry.
Background
Fatigue, a condition characterized by a diminished capacity for work and a decreased efficiency in performance, is usually accompanied by a feeling of boredom and exhaustion. Fatigue may affect human performance and in turn reduce work efficiency as well as physical and mental functions. An excessive workload, noticeable changes in job tasks, and alterations in the rhythm of daily activities (shift work) can play an important role in the development of work-related fatigue (1, 2) . An increased workload, more work pressure, and a long history of working different shifts all result in sleep deprivation and also produce physical and psychological effects; at the same time, fatigue can also cause issues with properly enforcing required actions and regulations and consequently increase the opportunity for accidents to occur (3) (4) (5) . Fatigue-related events, such as a poor response time, exhaustion, and distraction, should be considered motor-psychological dysfunctions that can lead to accidents.
Between 2-2.5 million American workers suffer from fatigue (6) . Previous studies have found that the prevalence of fatigue varies between 2-25%, and 80% of the symptoms of chronic fatigue syndrome are sudden in onset, with flulike symptoms. Chronic fatigue is diagnosed when fatigue has been present for a minimum of six months (7, 8) .
A number of studies have declared fatigue to be one of the most important risk factors for occupational physical trauma (9) (10) (11) (12) ). Mining is considered a hard and harmful task, and miners are more vulnerable to accidents and work-related diseases than most employees due to their work environment (3) . In addition, work pressure is increased due to these workers' tiredness and exhaustion. One of the major problems faced by the miners is that fatigue is the result of poor working conditions, lack of job satisfaction, shift work, and so on (4).
Objectives
This study was designed to assess the relationship between fatigue and work-related accidents in the copper extraction industry as an introduction for providing proper solutions to reduce the effects of fatigue and also for consequently controlling physical trauma in mine workers.
Materials and Methods
This cross-sectional study was conducted in a copper extraction industry in Kerman, Iran, in 2014. Among all mine workers, 453 individuals with at least three years work experience were selected for inclusion in this study. Statistics regarding their accident history in the workplace were gathered using an existing record system. The data collection tool consisted of a validated Persian version of the Piper chronic fatigue scale (15, 16 ). An additional self-administrated questionnaire was prepared to compile their demographic and occupational data. In this way, age, work experience, smoking status, and history of physical trauma in the workplace were assessed. Moreover, using this questionnaire, the opinions of workers regarding the main causes of fatigue were obtained. The validity of the latter was also checked by a panel of experts.
A pre-test method was used to assess the item clarity of the self-administrated questionnaire. In this pre-test, a questionnaire was given to 30 workers of an iron ore mine in Yazd, Iran, and they were asked to complete it and express their viewpoints about any problems. The pre-test was used to make some changes that fully resolved any issues with the items.
To determine the face validity, the questionnaires were distributed to ten experts in the field of occupational health and industrial psychology; the face validity as well as the content validity of the questionnaire was approved as a tool for measuring the fatigue of workers. In order to determine the internal validity, a pilot study was conducted on 60 employees, and the scores of both the scales and subscales were found to be higher than 0.9.
The Piper fatigue scale (PFS) scoring method was described as follows:
1. Questions 2 -23 were used to calculate the four dimensions of tiredness and total fatigue and included 22 options on the following topics: behavior (6 items), affect (5 items), sensory (5 items), and cognition/mood (6 items) (17).
2. Five items (questions 1 and 24 -27) were included to obtain complementary information.
3. Every subscale related to FPS was scored using a number between 0 and 10. The interpretation of the results was conducted as follows: Zero, no tiredness; 1 -3, minor fatigue; 4 -6, moderate exhaustion; 7 -10, severe fatigue.
Data extracted from the completed questionnaire were analyzed using the statistical package for the social sciences (SPSS) software, version 18. Chi-square test, Pearson's correlation coefficients, and regression analyses were employed for different stages of the data analysis.
Results
According to the results, most employees were miners and had between 6 -14 years of job experience. In addition, 178 (39.29%) employees had a positive smoking habit. Table 1 shows the distribution of age and job experience in each fatigue group.
During a three-year interval, 28.5% of subjects experienced work-related accidents. The main causes of accidents were traumatic events (16.78%), electric shocks (13.45%), falling (11.46%), and throwing stones (10.32%). For this same time interval, 45.53% of the staff did not experience work-related injuries. Table 2 illustrates the total amount of reported fatigue in the study. The overall fatigue score was 3.75 ± 0.98 among people with a history of work-related accidents and 2.86 ± 0.79 for those without any previous accidents (P = 0.005).
A moderate-to-high positive correlation was seen between the FPS subscales, with r values, ranging from 0.69 -0.75 (Table 3) . A strong correlation was observed between the total FPS and its subscales.
Using the Cronbach alpha, the reliability of the selfadministrated questionnaire was 0.75.
The participants declared that 45.38% of their fatigue was related to a high number of required job-related tasks and also strenuous activities and inappropriate workplace conditions, 18.67% due to a lack of justice and job security, 16.15% as a result of family problems and insomnia, 12.38% for financial difficulties and inadequate income, and 7.42% that remained unanswered.
The relationships between the averages of the subscale scores and the total PFS with the work-related history of accidents is shown in Table 4 . There was a statistically significant relationship between a work-related history of an accident and the total PFS, as well as fatigue subscales, except for the mental/cognitive subscale, which did not show a significant relationship (P = 0.164).
The outcome of regression testing that analyzed the relationship between demographic variables (age and work experience) and fatigue (total FPS scores) ( 
Discussion
Our findings showed that among mine workers, general fatigue and its subscales were high and severe fatigue was observed in the "life and emotional" sub-dimension more than in any other.
Fatigue in the workplace is an important medical concern. In order to be evaluated, job fatigue must first be properly identified in terms of both the measurement and evaluation of physiological characteristics. The problem is that fatigue cannot be directly assessed; only its effects can be recognized or its related psychological symptoms can be evaluated by measuring its subscales (1) .
The results of the present study highlighted the level of fatigue in routine activities, life and emotions, thinking processes, and physical-psychological symptoms among a cluster of mine workers. The physical labor involved with working in a mine not only increases the workload but also reduces the opportunity to rest, which is the main cause of chronic job fatigue. Ghasemkhani et al. conducted a cross-sectional study among the staff of electrical panels (18) . Their results showed that the rate of fatigue was increased in workers with a high workload; this fatigue interfered with their labor on the next working day and also had an effect on their routine activities (18) .
Another study showed that fatigue may lead to physical complications, mental illness, insomnia, weakness, memory loss, muscle pain, increased malaise, amnesia, and ataxia (19) . In addition, in a study conducted in Taiwan, many employees stated that fatigue significantly reduced their rate of activity both inside and outside of the workplace (20) .
We found that employees reported the main cause of work-related fatigue to be high amounts of strenuous work in inappropriate workplace conditions and also a lack of job security, which is inconsistent with the findings of a Chinese study where the most important reasons cited for fatigue by the laborers were a high workload, changes in the required tasks, and fears of job loss (21) .
Moreover, the results of Wang's study showed that the type of occupation and the requirement for hard physical work had an impact on fatigue; a statistically significant correlation existed between the type of occupation and fatigue (20) . However, Park's and Brake's respective studies demonstrated that the main factors that cause fatigue are long-term activities, hard work, and scorching environments that can lead to increased heart rates (22, 23) . Working in a mine requires difficult physical labor, poor weather conditions, a lack of leisure and recreational facilities, and little to no access to the open air outdoors. A combination of all these factors may produce severe fatigue.
We found that the mean score of the subscales and also the total PFS had a significant relationship with an employee's work-related accident history that was compatible with the results of Yang's study conducted in China (21) .
An increase in reaction time due to fatigue is a wellknown cause of accidents. Fatigue is a predisposing factor for distraction and increased reaction times, so it follows Trauma Mon. Inpress(Inpress):e29621. 3 U n c o r r e c t e d P r o o f that accidents should be more common in fatigued workers. When information is delivered to the neurological system at a faster rate than its endurance threshold, increased hesitation due to a delay in the carrying of information occurs, which is a result of prolonged working hours (13, 24) .
According to a stepwise regression model, the fatigue was only considerably associated with age and work experience, but it was not related to the type of occupation or habit of smoking.
Our study had a number of strengths, including a large statistical population. Few studies have been carried out in mines, which makes our study important; we conducted this survey using a standardized questionnaire. In addition there were some weaknesses, including the subjective nature of replies and the fact that some confounding variables were not considered.
Conclusions
In general, fatigue plays an important role in the development of occupational accidents.
The findings of this study showed that the results of the total fatigue scale and its subscales among subjects were higher than normal. To reduce the fatigue of workers, their workload should be reduced and they should also be given an increased amount of rest between tasks.
Employers should also provide welfare and entertainment facilities, a good nutrition plan, and adequate sleep for employees who perform hard manual labor, such as those who work in mines. In attention, screening for pre-existing medical and psychological problems in preemployment assessments can be a useful strategy to lower fatigue during employment.
